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On the other hand, increasing availability of on-site medical care can increase the demand. 13 Introduction of on-site physicians and medical supervision reduce the number of ambulance transports to emergency departments. 17, 18 The aim of this study was to analyze medical preparedness, ambulance patient characteristics, emergency care, and the use of prehospital resources during the 2005 World Championship Games in Athletics in Helsinki.
Methods

Study Setting
This study was conducted by the Helsinki EMS. The EMS serves the capital city of Finland (official population 560,000, but the daytime population is estimated to be approximately 700,000). The EMS system is three-tiered, and the Rescue Department provides the services. The first tier consists of eight basic life support (BLS) ambulances and eight fire engines used as first responding units (FRU), and is manned by emergency medical technicians. In the second tier, there are three advanced life support (ALS) ambulances staffed with paramedics, and one medical supervisor unit. The physician-staffed mobile intensive care unit (MICU) constitute the third tier.
Study Design and Data Collection
The study was a prospective, observational study. Data from all emergency calls and major incident threats at the sport venues and Games Village between 05 and 14 August also can bring forth other problems, such as increased marketing of illicit drugs. 5 Preparedness should be optimal to avoid excess costs and to ensure patient safety. 6 Planning should be influenced by experiences from previous games, local and current international risks, and local legislation.
Arranging medical care for mass gatherings requires cooperation between different authorities. Legislation concerning mass gatherings may not be satisfactory or may be missing. 7 The main responsibility to provide medical care in mass gatherings may be placed on the organizer of the event or on the authorities. In many countries, voluntary organizations usually play an important role in providing first-aid services.
The majority of patients examined or treated during mass gatherings present with minor injuries or minor medical problems. [8] [9] [10] The need for on-site first aid varies between 0.08-0.27 per 10,000, and the need for ambulance transport between 0.27-0.70 per 10,000 attendees (Table 1) . During the Olympic Games, the need for on-site medical care is 15-23 per 10,000 attendees. 8, 10, 11 Life-threatening conditions are rare. 12 However, in case of a life-threatening situation, rapid access to the patient and appropriate emergency care must be guaranteed.
Several factors have been shown to influence to the patient volume during mass gatherings. The increase in maximum daily temperatures, air humidity, total number of spectators, duration of the event, and availability of alcohol are known to increase the patient presentation rate. [13] [14] [15] [16] 2005 were collected prospectively using special data collection forms. The data collection was supervised by the onscene medical commander. All patient report forms for the patients treated by EMS (all patients who needed transportation) also were collected and evaluated prospectively. Data of patient characteristics from voluntary organizations responsible for first aid of spectators and accredited persons also were collected and listed as a medical report using the same data collection forms. The medical reports by these organizations were collected daily and faxed to the EMS office. These reports contained the total number of patients treated, total number of patients transported by ambulance, and predefined classification of causes of visits (trauma, infection, heat exhaustion, or other medical causes). The Games began on 06 August 2005, but the data collection system started one day earlier, due to the opening party at the stadium. If patients were transported to a hospital, in-hospital data also were collected. Trends in the EMS workload outside of the sport venues in the city, weather conditions, communication problems with radio or cellular telephones, illicit drug use, and cases with infectious disease were registered. The EMS workload was compared to the mean volume during the corresponding time period in 2000-2004. For EMS cost calculations, only direct costs incurred during the Games were included. The number of spectators was calculated from the number of tickets sold for each event.
Planning Process and Responsibilities
Helsinki EMS started planning 18 months before the start of the Games. Planning was based on the experiences of previous games, local risk analysis, and local laws and/or regulations. In the early phase, it was decided that EMS only would manage situations that required ambulance responses in the sports venues and Games Village (i.e., EMS would perform its normal tasks inside and outside the Games areas). Other responsibilities assigned to EMS included: (1) maintaining an on-site medical command center; (2) major incident and disaster preparedness (together with other authorities); and (3) medical command in case of a major incident or a disaster. The Games organizer was responsible for the health care and first aid of accredited persons (i.e., athletes, trainers, press, and very important persons) and spectators. The plans of the different stakeholders were coordinated by the EMS Commander, and meetings were conducted regularly. The EMS office also coordinated the cooperation between rescue authorities, police, and hospitals. According to the Games organizer, 73,500 people attended the sporting venues daily.
Preparedness for Daily Emergencies
A temporary rescue station was opened at the Olympic Stadium and at the Games Village ( Figure 1 ). These stations were established to cover all of the ambulance calls inside of the Olympic Stadium and the Games Village areas. From 08:00 hours (h) to 23:00h (01:00 h some days) one BLS ambulance and one physician-manned MICU were placed inside of the fenced Games area. A medical supervisor supported the temporary rescue station and acted as a liaison officer. Additionally, two emergency medical technician (EMT)-firefighter-staffed rescue vehicles were available to be used as first responding units. One ALS ambulance and one rescue vehicle served in the Games Village 24 hours per day. An additional nine EMS personnel worked at the stadium daily. In case of simultaneous calls, ambulances from nearby rescue stations were moved into the fenced Games area.
The basic health care of the spectators and the accredited persons was arranged by Voluntary Organizations. Outside the Games area, the number of ambulance units in the city was expected to increase based on a risk analysis. One or two units were added during the day preceding the Games, the day after the Games, and during walking and marathon races. Every night after the closure of the tem-porary rescue station at the Olympic Stadium, one ambulance was added to the city EMS.
Basic Health Care
Two voluntary organizations were responsible for providing the basic health care in the Olympic Stadium area and the Games Village ( Figure 1 ).
Voluntary Organization 1 (VO1) was established by the Games Organizer, and was responsible for the first aid of accredited persons. They served at the Olympic Stadium (VO1A) and in the Games Village (VO1B). They had facilities for the examination, treatment, and observation of accredited patients at the Olympic Stadium and the Games Village. The VO1A also had four first-aid teams inside of the fenced Games area. At any one time, 30-40 personnel, including physicians, nurses, physiotherapists, and stretcher bearers, worked at the event.
Voluntary Organization 2 (VO2) was organized by the Finnish Red Cross and was responsible for the provision of first-aid for the spectators. The VO2 only served at the Olympic Stadium, and had 13 mobile, first-aid teams and two facilities for the provision of first aid and the observation of patients. The number of personnel working at any one time was 46, including laymen with first-aid educational backgrounds and healthcare professionals. In case of serious emergencies, the members of voluntary organizations acted as first responders until EMS personnel arrived.
Disaster Preparedness
Disaster preparedness for the Games was based on the ordinary medical disaster plan of the city of Helsinki. The plan was supplemented and enforced based on a risk analysis with special emphasis on the risks of likelihood of the occurrence of simultaneous major incidents and/or chemical, biological, radiological, or nuclear (CBRN) situations.
Special Situations
Predefined special situations in the Games area included bomb threats, hostage situations, illicit drug use, a single case of a serious contagious disease, and a suspected epidemic (e.g., food poisoning, severe acute respiratory syndrome). Operating protocols for handling each of these special situations existed.
Command and Coordination
The Helsinki Dispatching Center received and handled all emergency telephone calls, including those from the Games venue. In the Games area, each organization had its own (sub) command and reporting structure. The EMS Command Center was located in the Rescue Command Unit coordinating all emergency care in the Games venue. The Command Center was equipped with radio, telephone, fax, internet, and e-mail accesses and manned from 09:30 h to 23:00 h (01:00 h when necessary). The EMS Medical Director coordinated EMS activities with the police, rescue authorities, and hospitals. 
Institutional Review Board Approval and Statistics
The study plan was approved by the Institutional Review Board of the Helsinki University Central Hospital. Statistical analysis was performed using SPSS Version 14.01 (SPSS Inc, Chicago, USA) statistical software package. Kendall's and chi-square tests were applied. A p-value of 0.05 was set to mark the level of statistical significance.
Results
General Data
During the nine days of the Games, an estimated 479,000 persons (344,000 spectators and 135,000 accredited persons) visited the Games. The number of spectators varied from 23,000 to 49,000 per day. There were no events in morning on Days 3 and 6, which explains the large variation in the number of visiting persons (Figure 2) . The average number of accredited persons was estimated to be 15,000 per day. A reliable count of tourists visiting the city could not be obtained. The weather conditions were worse than normal. Four of the nine days of the Games were rainy and the others were cloudy. On the evening of the fourth day, there was a heavy storm that did not cause any injuries, but kept the Fire Department busy due to material damage and flooding. The temperature measured at noon varied between 13.3°C (55.9°F) and 24.2°C (75.6°F). The quality of air was "good" during the entire Games.
The three medical organizations (EMS, VO1, and VO2) cared for 1,586 patients at the Olympic stadium and at the Games Village. In total, 25 patients were transported to a hospital by an ambulance (1.6%, 0.52 per 10,000 people). No deaths were reported during the pre-hospital or in-hospital phase. No major incidents or disasters occurred in the city or near the Games Village during the Games.
As illustrated in Figure 2 , the daily variation of patients treated by the different organizations was small, except for those treated by VO2 (first aid of the spectators). This variation was associated closely with the number of spectators (Kendall's τ = 0.761, p = 0.05). The temperature in the stadium was low compared to the normal levels, and had only a little effect on the number of patients (Kendall's τ = 0.556, p = 0.37). No other associations between variables (e.g., weather conditions and special events) and patients treated by the different organizations were found.
EMS Emergency Calls
The EMS cared for 35 patients in the Olympic Stadium and Games Village. Nine of them were released after examination, and one was moved to the Games Village for further examination.
Olympic Stadium
At the sports venue, EMS had a total of 24 calls (average number of calls = 2.7 per day, range from 0 to 10 per day). Table 2 -Detailed causes for ambulance calls at the Olympic Stadium and at the Games Village (ED = emergency department)
Total number Transported to ED Total number Transported to ED
The call incidence was 0.50 per 10,000 people inside of the fenced area. The corresponding incidence for spectators was 0.52 per 10,000 and 0.44 per 10,000 for accredited persons. In six cases, the patient was an accredited person, and in 18 cases was a spectator. Sixteen of the patients were male, and eight were female. The mean value for the age of the patients was 39.9 years. One patient was a child. The mean value of the ambulance response times in real calls was 7.2 min (range 1-17 min). In the subgroup of very urgent calls (lights and siren), the mean value of the response time was 6.5 min. The ambulance transport rate was 0.29 per 10,000 people inside of the fenced area of the Olympic Stadium. According to the predefined classification, nine calls were for traumatic injuries, 12 for medical causes, none for infections or heat exhaustion, and three for miscellaneous causes ( Table 2) . Fourteen of 24 patients (58%) were transported by ambulance to four different emergency departments.
Games Village
In the Games Village, there were 12 ambulance calls, 11 of which involved patients. The 12th call was a standby situation caused by an explosive. Eight of the patients were male and three were female. The mean value of the ages of the patients was 46.9 years. None of the patients were children. Ten of the patients were accredited, and one was a civilian. The mean value of the ambulance response times was 5.4 min (range 1-15 min). In the subgroup of very urgent calls (with blue lights and siren), the mean value for the response time was 3.0 min. All patients were transported.The detailed causes of calls and the emergency care are provided in Tables  2 and 3 . Five of the patients are complained of infections and each was hospitalized to an emergency department.
EMS Medical Care
The emergency care provided by the EMS at the Olympic Stadium and the Games Village is in Table 3 . Patients were treated according to the daily protocols. The most common procedures were opening intravenous (IV) access (and the use of IV fluids) and providing supplemental oxygen. No life-saving procedures (e.g., endotracheal intubation, massive fluid resuscitation, cardiopulmonary resuscitation) or medical treatment were needed.
Medical Care by Voluntary Organizations
First Aid of Spectators-The VO2, which was responsible for the first aid of the spectators, cared for 554 patients. Three were transported to a hospital by EMS. The daily number of presentations varied from 25 to 110. The majority (262/554) of the cases were minor traumas. A total of 16 per 10,000 spectators needed first aid.
First Aid of Accredited Persons-The VO1 had 712 patient visits at the Olympic Stadium and 296 visits in the Games Village. Nine were transported to a hospital by EMS. The daily variation in the number of patients at the Olympic Stadium ranged from 47-89. The corresponding figure in the Games Village was from 26 to 39.
Use of Hospital Resources
A total of 25 persons were transported to the hospitals. Of them, 21 were released after examination, treatment, and observation, and four were admitted. All those who were admitted were patients from the Games Village. None of the patients required treatment in a coronary care unit, intensive care unit, or operating theatre.The decision made by EMS of which hospital to transport patients was correct in 34 cases of 35 when it was compared to the predefined instructions.
EMS Outside the Games Areas
The number of urgent ambulance calls in the city was 1,426, which is 5.9% higher than the mean value in the corresponding time period during the past five years (Table 4) . There was increase in both daytime and nighttime calls. The follow-up period included three days before and two days after the Games. According to the hospital authorities, the number of visits in city's four major emergency departments during the Games did not differ from the corresponding time period of the previous years.
Resources
One ambulance and one MICU (and one extra ALS unit during the marathon and walking races) were able to handle all ambulance calls at the sports venues. One ALS ambulance was able to respond to all calls in the Games Village. On three occasions, there were simultaneous calls, and therefore, an additional ambulance was requested from a nearby rescue station. However, they were not needed and they were released as soon as units in the Games were free from the previous call.
Direct EMS Costs
The total direct costs of extra EMS preparedness was 121,637 euros (Table 5 ). These costs included: (1) salaries of EMS personnel; (2) use of ambulance vehicles; (3) medical equipment; (4) drugs; and (5) miscellaneous causes. It was estimated that 40-50% of the total costs presented were due to the daily EMS staffing for the Games, and the rest was due to the disaster preparedness. Oropharyngeal airway 1 -
12-lead ECG 3
Blood gas analysis 1 - Table 3 -Emergency care provided (excluding first aid level procedures such as splinting, bandages) at the Olympic Stadium and Games Village during ambulance calls (ECG = electrocardiogram) Prehospital Care and Emergency Preparedness
Medical Command
On-site medical command proved to be necessary and useful. Cooperation between different authorities (e.g., police, fire-department, and EMS) was intense, and would not have been possible without on-site command. The management and command structure were predefined, and there was a clear doctrine considering both daily emergencies and major disasters. The majority of work consisted of participating in on-site meetings, following incoming information from partner authorities, being a consultant, and keeping the real-time picture of the event.
Communication
Communication using the authority radio network, cellular telephones, fax, and e-mail was successful. All radio channels used in the Games area were located in the same folder, and communication with other authorities (fire, police) was easy. In four individual occasions, the authority radio network was overloaded temporarily. Before the Games, cellular telephone network capacity was increased by installing temporary base stations at the Olympic Stadium. Therefore, the EMS encountered cellular telephone network overloading only once.
Special Situations
During the weeks preceding the Games, exceptionally large amounts of illicit drugs (50 kg of heroin and 320 kg of cannabis) were intercepted and confiscated by customs officials. Additionally, the police found >1 kg of cocaine that was intended to be sold in the capital area in a private apartment. There were no drug overdoses in the Games area and the illicit drug overdose situation was ordinary elsewhere in the city.
On the fourth day of the Games, a Bluetooth virus appeared at the Olympic Stadium area and the use of all electronic devices with Bluetooth ports was forbidden. It did not cause any problem to EMS, as the medical devices did not transmit any data via Bluetooth ports.
Devices for the detection of radioactive material at the main gate alerted officials three times. All cases proved to be due to medical reasons; two out of three had a recent history of the treatment with a technetium isotope, and the one with radio iodine.
Discussion
The total number of attendees was 479,000, which was 72.4% of the expected number. As noted in previous reports from other mass gatherings, the actual number of attendees usually remains lower than expected. 1 The daily variation of the number of patients treated by different organizations was small, and was due mainly to the number of spectators. No other associations between different variables (weather conditions, etc.) and patients treated by different organizations were found. This phenomenon can be explained partly by the poor weather conditions and the good air quality.
It is difficult to evaluate if the EMS resources were excessive. The EMS were prepared for one ambulance call per 10,000 attendees at the Olympic Stadium and the actual number remained at 0.50 per 10,000. The daily need for ambulance responses varied extensively. The EMS was able to provide adequate emergency care, and there only were three occasions when an additional ambulance was requested. Therefore, the EMS resources can be considered to have been optimal. The number of ambulance transport from the Olympic Stadium to hospitals (0.29 per 10,000 attendees) was in accordance with most of the previous reports. 9, 10, 12, 13, 15, 17, 19 The ambulance response times were longer than expected. This emphasizes the need for strategically located first-aid teams.
The role of voluntary organizations as the basic healthcare providers was essential. The two organizations cared for 1,562 patients, and also served as first responders in emergency situations (12 of 36 emergency calls were requested by voluntary organizations). There were differences in patient etiology at the Olympic Stadium compared to the Games Village. At the Olympic Stadium, traumatic injuries predominated. In the Games Village, infections were the most common cause for ambulance calls and healthcare visits of accredited persons. The observed need for spectator first aid (1.7 per 1,000 spectators) was within the limits reported in the literature.
The overall load on the healthcare system was lower than expected. The increase in the number of ambulance calls in the city was only 5.9%. According to hospital authorities, the number of hospital visits at the four major emergency departments during the Games did not differ from the corresponding time period of the previous years. command-structure occurred. On-site medical command proved to be necessary and useful. The success of overall planning was influenced by the early start, analysis of local risks, coordination of different authorities, and clear command structure used during the Games. The legislation in Finland turned out to be insufficient and should be updated to meet the medical needs of mass gatherings. Deficiencies in legislation also have been shown elsewhere. 7, 21 The EMS authorities also should have an obligation to pre-check the first-aid plans made by organizers.
Conclusions
Although the Games were a great challenge to the local healthcare system and EMS, they also offered a great venue for training and future development. The preparedness and resources proved to be sufficient. The EMS personnel were able to provide quality emergency care. The number of patients needing transportation and the overall load on the healthcare system was well anticipated. According to the findings, it is advisable that each organization participating in on-site medical care have clearly predefined tasks and their performance coordinated. The main role of the EMS system is to care for serious medical emergencies, but the responsibility for providing on-site medical command also is outlined. The need for medical care can be estimated with reasonable accuracy. However, these estimates normally apply to the entire period of a mass gathering and great daily variation may occur.
However, the data of previous years emergency department visits and the data from private clinics could not be obtained. During the Sydney Olympic Games, the number of ED visits increased 5%. 20 Although major incidents occurred, the disaster plans for the Games were followed based on a risk analysis with special emphasis on the risks of simultaneous major incidents and CBRN incidents.
Preparedness and planning was considered to be sufficient. The roles and responsibilities for the different organizations were defined early in the planning process. No misinterpretations about the roles in patient care or the 
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